The refractive property of live cells has been utilized in phase contrast microscopy and differential interference contrast microscopy as a means to create image contrast. On the other hand, a quantitative phase microscope measures the amount of optical phase delay produced by the cell's refractive index. Quantitative phase images provide an array of information about the cell including shape, dynamics, membrane mechanics, or mass (1-3).
Principle of quantitative phase imaging
The refractive property of live cells has been utilized in phase contrast microscopy and differential interference contrast microscopy as a means to create image contrast. On the other hand, a quantitative phase microscope measures the amount of optical phase delay produced by the cell's refractive index. Quantitative phase images provide an array of information about the cell including shape, dynamics, membrane mechanics, or mass (1) (2) (3) .
In quantitative phase imaging, plane wave trans-illumination is often employed. The blue line above the cell in Figure S1a depicts the surface of constant phase of the illumination light. The refractive index determines the speed of light that propagates in a material. When the light pass through the cell, the speed of light is slower inside the cell than in the medium, hence, the wave front is delayed as depicted by the blue lines inside and below the cell in (Eq. 1)
The refractive index distribution of a cell is determined by the composition and the concentration of cellular materials. If the cell has a constant refractive index over the volume, the phase retardation is proportional to the thickness of the cell and the quantitative phase image can be used to infer the cell's height topography. (Fig. 2 
Interpretation of quantitative phase images
In general, the integral of refractive index measured in quantitative phase images can be altered by any changes in cell shape or material contents. One example is the gain and redistribution of cellular materials due to a live cell's growth and motility. Since these biological contributions are much slower than the time scale of the electrical stimulation used in this study we assume that any changes in the optical phase signal are due to physical changes in the cell as depicted in Fig. 2A . Among the three possible interpretations of the optical phase signals, we deduced that the fast intrinsic optical signals in HEK293 cells in this study are due to the redistribution of cellular materials by mechanical deformation. As shown in Figures 1F, 2H , and 2I and discussed in the text, the spatial distribution of the optical signal can be connected with simple overall shape changes such as lateral displacement (Fig. 2H) or flattening (Fig. 2I ). The models of deformation of the cell in Fig. 1 and Fig (c) When the signal is absent observed phase is a random angle between 0 and 2π.
Low-coherence diffraction phase microscope
We built a Low-coherence diffraction phase microscopy (LCDPM) by adapting Diffraction Phase
Microscope (4) and serves as a reference field. The first order diffracted light goes through the aperture of P and contains the sample information. All other diffraction orders are blocked by P. To achieve the spatial resolution of the phase imaging to be diffraction-limited, the period of the grating is selected such that it is smaller than the diffraction-limited spot, 0.89 µm, at the sample plane.
Interference images were recorded by a CMOS camera (Photron 1024PCI) positioned at the image plane (IP3), and later processed using the Hilbert transform as described in our previous report (4) . The intensity image of interference pattern can be written as 
Amplitude of optical signals
Since the optical phase signal has spatial variation within each cell, the signal amplitude can be quantified as (a) the peak amplitude or (b) the amplitude averaged over the area of the cell. The background noise can be also quantified in the same manner. Figure S5 shows the mean and the standard deviation of the signal amplitudes. The variations in the cell shape, cell stiffness and their adherence to the substrate are likely to underlie the cell to cell variation in signal amplitude. is determined by
. The absolute value of this ratio decreases with increasing frequency.
Electrical coupling through gap junction channels
Gap junction channels provide electrical conductance between two cells. The conductance of an individual channel is 50-140 pS and the total conductance between a pair of cells greatly varies depending on the number of channels (5, Therefore, 
